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(54) WAVEGUIDE CONNECTION STRUCTURE

(57) Provided is a choke structure including: an in-
side surface conductive pattern 5a formed in the sur-
rounding of a through hole 2 on the surface of a dielectric
substrate 3 opposing a waveguide substrate 4; an out-
side surface conductive pattern 5b formed in the sur-
rounding of the inside surface conductive pattern 5a while
being positioned apart therefrom; a conductor opening 6
that is provided between the inside surface conductive
pattern 5a and the outside surface conductive pattern 5b
and in which a dielectric member is exposed; and an
dielectric transmission path 12 short-circuited at end that
is formed by an inner layer conductor 7 and a plurality of

penetrating conductors 8, the inner layer conductor 7 be-
ing provided in a position that is away from the conductor
opening 6 by a predetermined distance in the layer-stack-
ing direction of the dielectric substrate 3, and the plurality
of penetrating conductors 8 connecting the inner layer
conductor 7 to the inside surface conductive pattern 5a
and to the outside surface conductive pattern 5b. With
the choke structure, it is possible to reduce reflections,
passage losses, and leakages of electromagnetic waves,
even when a gap occurs between the through hole and
the waveguide substrate due to, for example, warpage
of the dielectric substrate and the waveguide substrate.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a connection
structure of waveguides through which electromagnetic
waves are transmitted, the waveguides being provided
in a dielectric substrate and in a waveguide substrate
that is made of metal or of which one or more surfaces
are coated by metal.

BACKGROUND ART

[0002] In a conventional waveguide connection struc-
ture, the structure for connecting together a waveguide
(i.e., a through hole) through which electromagnetic
waves are transmitted and that is provided in an organic
dielectric substrate (i.e., a connection member) and an-
other waveguide that is provided in a metal waveguide
substrate is configured such that a conductor in the
through hole is electrically connected to the metal
waveguide substrate so that electric potentials are main-
tained at the same level, for the purpose of preventing
the electromagnetic waves from being reflected, having
a passage loss, and leaking at the connection part (see,
for example, Patent Document 1).
[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. 2001-267814 (paragraph [0028] and
Fig. 1)

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] In the conventional waveguide connection
structure as described above, there may be a gap be-
tween the conductive layer in the through hole and the
waveguide substrate due to warpage of the organic die-
lectric substrate and warpage of the metal waveguide
substrate. As a result, a problem arises where the elec-
tromagnetic waves are reflected, have a passage loss,
or leak, at the connection part.
[0005] In view of the circumstances described above,
it is an object of the present invention to obtain a
waveguide connection structure with which it is possible
to reduce reflections, passage losses, and leakages of
the electromagnetic waves, even when there is a gap
between the through hole and the waveguide substrate
due to, for example, warpage of the dielectric substrate
and the waveguide substrate.

MEANS FOR SOLVING PROBLEM

[0006] To achieve the object, a waveguide connection
structure according to the present invention includes a
dielectric substrate having a through hole of which an
inner wall has a conductor provided thereon so that an
electromagnetic wave is transmitted through the through

hole; and a waveguide substrate that has a waveguide
hole and is made of metal or of which a surface is coated
by metal, wherein the waveguide connection structure
has a choke structure including an inside surface con-
ductive pattern that is formed in a surrounding of the
through hole on a surface of the dielectric substrate op-
posing the waveguide substrate; an outside surface con-
ductive pattern that is formed in a surrounding of the in-
side surface conductive pattern while being positioned
apart from the inside surface conductive pattern; a con-
ductor opening that is provided between the inside sur-
face conductive pattern and the outside surface conduc-
tive pattern and in which a dielectric member is exposed;
and a dielectric transmission path short-circuited at end
that is formed by an inner layer conductor and a plurality
of penetrating conductors, the inner layer conductor be-
ing provided in a position that is away from the conductor
opening by a predetermined distance in a layer-stacking
direction of the dielectric substrate, and the plurality of
penetrating conductors connecting the inner layer con-
ductor to the inside surface conductive pattern and to the
outside surface conductive pattern.

EFFECT OF THE INVENTION

[0007] According to an aspect of the present invention,
the dielectric substrate is provided with the choke struc-
ture that confines the electromagnetic waves therein. As
a result, it is possible to reduce reflections, passage loss-
es, and leakages of the transmitted electromagnetic
waves at the waveguide connection part. In addition, be-
cause the choke structure is provided in the dielectric
substrate that is configured with a material having a high-
er electric permittivity than that of the air, it is possible to
configure the depth of the choke structure so as to be
shorter than other choke structure that is formed by, for
example, applying a cutting processing to generally-used
waveguide substrates. As a result, it is possible to con-
figure a device to which the waveguide connection struc-
ture is applied so as to be thin.

BRIEF DESCRIPTION OF DRAWINGS

[0008]

Fig. 1 is a cross-sectional view of a waveguide con-
nection structure according to a first embodiment of
the present invention.
Fig. 2 is a drawing of patterns formed on a surface
of a dielectric substrate opposing a waveguide sub-
strate according to the first embodiment of the
present invention.
Fig. 3 is a chart of isolation properties between two
waveguides that are obtained while a conventional
waveguide connection structure is being used.
Fig. 4 is a chart of isolation properties between two
waveguides that are obtained according to the first
embodiment of the present invention.
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Fig. 5 is a cross-sectional view of a waveguide con-
nection structure according to a second embodiment
of the present invention.
Fig. 6 is a drawing of patterns formed on the surface
of the dielectric substrate opposing the waveguide
substrate according to the second embodiment of
the present invention.
Fig. 7 is a drawing of patterns formed on an inner
layer conductive layer in the dielectric substrate ac-
cording to the second embodiment of the present
invention.
Fig. 8 is a cross-sectional view of a waveguide con-
nection structure according to a third embodiment of
the present invention.
Fig. 9 is a drawing of patterns formed on the surface
of the dielectric substrate opposing the waveguide
substrate according to the third embodiment of the
present invention.
Fig. 10 is a drawing of patterns formed on an inner
layer conductive layer in the dielectric substrate ac-
cording to the third embodiment of the present in-
vention.
Fig. 11 is a chart of isolation properties between two
waveguides that are obtained while the connection
structure according to the third embodiment of the
present invention is being used.
Fig. 12 is a cross-sectional view of a waveguide con-
nection structure according to a fourth embodiment
of the present invention.
Fig. 13 is a drawing of patterns formed on the surface
of the dielectric substrate opposing the waveguide
substrate according to the fourth embodiment of the
present invention.
Fig. 14 is a drawing of patterns formed on an inner
layer conductive layer in the dielectric substrate ac-
cording to the fourth embodiment of the present in-
vention.
Fig. 15 is a chart of isolation properties between two
waveguides that are obtained while the connection
structure according to the fourth embodiment of the
present invention is being used.

EXPLANATIONS OF LETTERS OR NUMERALS

[0009]

1: High-frequency module
2: Through hole
3: Dielectric substrate
4: Waveguide substrate
5a: Inside surface conductive pattern, Surface con-

ductor
5c: Inner wall conductor
5b: Outside surface conductive pattern
5d: Surface layer ground conductor
6: Conductor opening (opening)
7: Inner layer conductor (Inner layer ground con-

ductor)

8: Penetrating conductor
9: Waveguide hole
10: Screw
11: Through hole
12: dielectric transmission path short-circuited at

end
13a: Inside inner layer conductive pattern
13b: Outside inner layer conductive pattern
14: Pattern wiring for signal wirings
15: Penetrating conductor for signal wirings
16: Dielectric layer
17: Dielectric part

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0010] In the following sections, exemplary embodi-
ments of a waveguide connection structure according to
the present invention will be described in detail, with ref-
erence to the accompanying drawings. The present in-
vention is not limited to these exemplary embodiments.

First Embodiment

[0011] Fig. 1 is a cross-sectional view of a waveguide
connection structure according to a first embodiment of
the present invention. Fig. 2 is a plan view of patterns
formed on a surface of a dielectric substrate 3 opposing
a waveguide substrate 4 according to the first embodi-
ment of the present invention. The waveguide connection
structure according to the first embodiment is applied to,
for example, a millimeter wave radar or a microwave ra-
dar such as a Frequency-Modulated Continuous Wave
(FM/CW) radar.
[0012] In the multi-layer dielectric substrate 3 on which
a high-frequency module 1 including a high-frequency
semiconductor is installed, a plurality of through holes 2
that are hollow and rectangular-shaped or cocoon-
shaped and that function as waveguides are provided.
The waveguide substrate 4 is made of metal or is con-
figured with a resin of which one or more surfaces are
coated by metal. In the waveguide substrate 4, a plurality
of waveguide holes 9 that are hollow and rectangular-
shaped or cocoon-shaped and that function as
waveguides are provided. The dielectric substrate 3 and
the waveguide substrate 4 are attached together by using
screws 10 that are in through holes 11 provided in the
dielectric substrate 3, in such a manner that the central
axes of the through holes 2 coincide with the central axes
of the waveguide holes 9, respectively. In Fig. 1, the gap
between the dielectric substrate 3 and the waveguide
substrate 4 is exaggerated so that the dielectric substrate
3 and the waveguide substrate 4 seemed to be positioned
apart from each other.
[0013] The through holes 2 and the waveguide holes
9 are used for transmitting outgoing electromagnetic
wave signals that are output from the high-frequency
module 1 to an antenna unit (not shown) or incoming
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electromagnetic wave signals that are input from the an-
tenna unit to the high-frequency module 1. These outgo-
ing and incoming electromagnetic wave signals are col-
lectively referred to as high-frequency signals.
[0014] An inner wall conductor 5c is provided on an
inner circumferential wall of each of the through holes 2
provided in the dielectric substrate 3. Each of the inner
wall conductors 5c is connected to a surface layer ground
conductor 5d that is provided on the upper surface side
of the dielectric substrate 3 and to an inside surface con-
ductive pattern (i.e., a land part) 5a that is formed on the
lower surface side (i.e., the side that abuts against the
waveguide substrate 4) of the dielectric substrate 3. As
shown in Fig. 2, each of the inside surface conductive
patterns 5a is formed in a circular shape in the surround-
ing of the corresponding one of the through holes 2. A
ring-shaped conductor opening (hereinafter, the "open-
ing") 6 in which no surface conductor is provided so that
the dielectric member is exposed is provided in the sur-
rounding of each of the inside surface conductive pat-
terns 5a. An outside surface conductive pattern 5b is
formed in the surrounding of each of the ring-shaped
openings 6. In other words, each of the outside surface
conductive patterns 5b is formed in the surrounding of
the corresponding one of the inside surface conductive
patterns 5a, while being positioned apart from the inside
surface conductive pattern 5a by a distance that is equal
to the width of the corresponding one of the openings 6.
In this situation, each of the outside surface conductive
patterns 5b is formed so as to have a ring shape and is
positioned apart, while the dielectric member is inter-
posed therebetween, from any other outside surface con-
ductive patterns 5b that are formed in the surroundings
of the through holes 2 positioned adjacent thereto. As
explained here, it is preferable to configure the outside
surface conductive patterns 5b that are formed in the
surroundings of the ring-shaped openings 6 in such a
manner that the outside surface conductive patterns 5b
are not connected to one another by conductive patterns,
as shown in Fig. 2.
[0015] Each of the inside surface conductive patterns
5a is formed while using the central axis of the corre-
sponding one of the through holes 2 as the center thereof,
such that a distance X1 is approximately one fourth (1/4)
of a free-space wavelength λ of the high-frequency signal
(i.e., the signal wave) transmitted through the through
hole 2, where the distance X1 is the distance between a
middle point A and an intersection point B, the middle
point A being a middle point of a long-side edge (i.e., an
E-plane edge) of the through hole 2, and an intersection
point B being a point at which a line extended from the
middle point A in the direction perpendicular to the long-
side edge intersects the edge of the circular-shaped in-
side surface conductive pattern 5a. The radius R1 of each
of the inside surface conductive patterns 5a is equal to
the sum of the length X1 (=λ/4) and a length d that is a
half of the short side of the through hole 2. In other words,
each of the inside surface conductive patterns 5a has

the shape of a circle that is centered on the central axis
of the through hole 2 and that passes through the point
positioned away from the middle point A of the E-plane
edge of the through hole 2 by approximately λ/4.
[0016] A plurality of dielectric transmission paths 12,
which is short-circuited at end, is provided within the di-
electric substrate 3, the dielectric transmission paths 12
short-circuited at end each extending from the corre-
sponding one of the openings 6 in the layer-stacking di-
rection of the dielectric substrate 3 and each having a
length of approximately λg/4. In this situation, "λg" de-
notes an effective wavelength of the high-frequency sig-
nal within the dielectric member (i.e., the effective wave-
length within the substrate, hereinafter the "in-substrate
effective wavelength"). More specifically, an inner layer
ground conductor 7 is provided at a position that is away
from the surface of the opening 6 by a distance Y1, which
is approximately equal to one fourth (1/4) of the in-sub-
strate effective wavelength λg. The inner layer ground
conductor 7 is connected to the inside surface conductive
patterns 5a and to the outside surface conductive pat-
terns 5b by a plurality of penetrating conductors (ground
vias) 8 that each extend in the layer-stacking direction of
the substrate. It is desirable to configure each of the in-
tervals between the penetrating conductors 8 so as to be
shorter than one fourth (1/4) of the in-substrate effective
wavelength λg, and preferably, so as to be equal to or
shorter than one eighth (1/8) of the in-substrate effective
wavelength λg. As explained here, each of the dielectric
transmission paths 12 short-circuited at end is ring
shaped in a planar view, is provided so as to extend in
the layer-stacking direction of the substrate from the po-
sition at which the opening 6 is provided. Each of the
dielectric transmission paths 12 short-circuited at end is
a region of which the inner circumference and the outer
circumference are surrounded by the penetrating con-
ductors 8, whereas the tip end side thereof is enclosed
by the inner layer ground conductor 7, while being filled
with the dielectric member so that the transmitted elec-
tromagnetic waves do not leak therefrom.
[0017] According to the first embodiment, a choke
structure is formed by each set made up of the inside
surface conductive pattern 5a, the outside surface con-
ductive pattern 5b, the opening 6, and the dielectric trans-
mission path 12 short-circuited at end.
[0018] When a choke structure as described above is
adopted, a short circuit is achieved by the inner layer
conductor 7 with the arrangements in which the distance
Y1 is configured so as to be approximately equal to λg/
4, whereas the distance X1 is configured so as to be
approximately equal to λ/4. As a result, the edge (e.g.,
the point B) of the inside surface conductive pattern 5a
is equivalent as being open for the transmitted electro-
magnetic waves. Further, the long-side edges (i.e., the
E-plane) of the through hole 2 that are positioned away
from this edge by the distance approximately equal to λ/
4 is equivalent as being short-circuited. With this arrange-
ment, it is possible to inhibit the signals from leaking at
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the connection parts between the through holes 2 pro-
vided in the dielectric substrate 3 and the waveguide
holes 9 provided in the waveguide substrate 4. Conse-
quently, it is possible to inhibit the signals from leaking
into adjacent waveguide connection structure parts and
to enhance the isolation properties. Furthermore, even
if some signals have leaked, because each of the outside
surface conductive patterns 5b is formed independently
such that the patterns are separated from one another
corresponding to the different waveguide connection
structures, it is possible to cut off the transmission of the
leaked signals in a parallel plate mode and to further en-
hance the level of isolation.
[0019] The dielectric member included in the dielectric
substrate 3 has a relative permittivity that is larger than
1, so that the effective wavelength of the electromagnetic
waves within the dielectric member is shorter than that
in the air. Thus, it is possible to configure the depth of
the choke structure so as to be shorter than that of other
choke structures in general that are formed by, for ex-
ample, a cutting process and are filled with air. For ex-
ample, one fourth (1/4) of the free-space wavelength (in
the air) of the signal electromagnetic waves at 76 giga-
hertz (GHz) to 77 gigahertz used in an FM/CW radar
installed in an automobile is approximately 0.98 millim-
eters. Thus, in the case where a choke structure is formed
by a cutting process, the depth of the choke structure is
approximately 0.98 millimeters. In contrast, because the
relative permittivity of a generally-used glass epoxy sub-
strate is approximately 4, one fourth (1/4) of the in-sub-
strate effective wavelength λg is approximately 0.49 mil-
limeters.
[0020] For example, in the case where a glass epoxy
substrate having a thickness of 1.0 millimeter is adopted
as the dielectric substrate 3, if a choke structure was
formed by performing a cutting processing and further
providing a conductor therein by performing a plate
processing or the like, the thickness of the substrate in
a cut part would be approximately 0.02 millimeters, and
it would be extremely difficult to achieve such choke
structure. In contrast, by configuring the choke structure
with the patterns on the substrate such that the inside
thereof is filled with the resin as described in the first
embodiment, it is possible to configure the depth so as
to be approximately 0.49 millimeters and achieve the de-
sired choke structure easily. Further, even in a case
where the thickness of the substrate is large enough to
form a choke structure by performing a cutting process-
ing, it is possible to keep the volume of the choke structure
occupying the inside of the substrate small according to
the first embodiment. Thus, by using the configuration
according to the first embodiment, it is possible to con-
figure the entirety of the device so as to be thin and com-
pact.
[0021] Fig. 3 is a chart of a result of a simulation indi-
cating isolation properties between two waveguide con-
nection structures positioned adjacent to each other,
when adopting a conventional waveguide connection

structure having no choke structure. Fig. 4 is a chart of
a result of a simulation indicating isolation properties be-
tween two waveguide connection structures positioned
adjacent to each other, when adopting the choke struc-
ture according to the first embodiment. In the example
of the conventional waveguide connection structure of
which the isolation properties are shown in Fig. 3, the
entirety of the surface of the dielectric substrate 3 oppos-
ing the waveguide substrate 4 is covered with a conduc-
tor. The dimension of each of the through holes 2 is con-
figured to be 2.50 millimeters by 0.96 millimeters so as
to conform to the high-frequency module 1, whereas the
dimension of each of the waveguide holes 9 is configured
to be 2.54 millimeters by 1.27 millimeters. The thickness
of the dielectric substrate 3 is 1.6 millimeters, whereas
the dielectric member is made of a glass epoxy material,
and the relative permittivity thereof is 4.0. The pitch be-
tween the two waveguide holes 9, 9 is 3.5 millimeters,
whereas the gap between the dielectric substrate 3 and
the waveguide substrate 4 is 0.2 millimeters. In contrast,
in the example of the waveguide connection structure
according to the first embodiment of which the isolation
properties are shown in Fig. 4, the choke structure de-
scribed above is provided in the conventional waveguide
connection structure having the dimensions described
above. The radius R1 of each of the inside surface con-
ductive patterns 5a connected to the corresponding one
of the through holes 2 is 1.6 millimeters, whereas the
outer radius R2 of each of the openings 6 in which the
dielectric member is exposed is 2.6 millimeters. The dis-
tance Y1 between the surface of the substrate and the
inner layer conductor 7 is approximately 0.5 millimeters,
whereas the width of each of the outside surface con-
ductive patterns 5b is 0.6 millimeters. As apparent from
a comparison between Fig. 3 and Fig. 4, the waveguide
connection structure according to the first embodiment
exhibits isolation properties that are improved by 65 dec-
ibel (dB) or more, at 76 gigahertz to 77 gigahertz, which
is a band used by FM/CW radars installed in automobiles.
Thus, it has been confirmed that it is possible to achieve
a very advantageous effect.
[0022] In Figs. 1 and 2, each of the inside surface con-
ductive patterns 5a is circular shaped, whereas each of
the openings 6 and each of the outside surface conduc-
tive patterns 5b is circular ring (annular) shaped. How-
ever, another arrangement is acceptable in which each
of the inside surface conductive patterns 5a is polygonal
shaped or the like, whereas each of the openings 6 and
each of the outside surface conductive patterns 5b is
polygonal ring (annular) shaped.

Second Embodiment

[0023] Next, a second embodiment of the present in-
vention will be explained, with reference to Figs. 5 to 7.
Fig. 5 is a cross-sectional view of a waveguide connection
structure according to the second embodiment. Fig. 6 is
a plan view of patterns formed on the surface of the di-
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electric substrate 3 opposing the waveguide substrate 4
according to the second embodiment. Fig. 7 is a drawing
(i.e., a cross-sectional view at the line C-C in Fig. 5) of
patterns of the conductor formed within the dielectric sub-
strate 3 on such a layer that is positioned more inward,
by one layer, than the lower surface layer of the dielectric
substrate 3, according to the second embodiment. Ac-
cording to the second embodiment, a dielectric layer 16
that is formed by using a build-up method or the like is
provided on the surface of the dielectric substrate 3 op-
posing the waveguide substrate 4. In the following sec-
tions, only the configurations that are different from those
of the first embodiment will be explained. Explanation of
the duplicate configurations will be omitted.
[0024] As shown in Figs. 5 and 6, surface conductors
5a are provided on the surface of the dielectric substrate
3 opposing the waveguide substrate 4, the surface con-
ductors 5a each having a required minimum dimension
to provide the inner wall of the corresponding one of the
through holes 2 with the conductor. There is no other
surface conductor, and the dielectric layer 16 is thus ex-
posed.
[0025] As shown in Figs. 5 and 7, a choke structure
that is the same as the one explained in the first embod-
iment is formed so as to extend from such an inner layer
of the dielectric substrate 3 that is positioned more in-
ward, by one layer, than the surface conductor 5a, toward
the further inner layers. More specifically, an inside inner
layer conductive pattern 13a, which is circular shaped,
is formed in the surrounding of each of the through holes
2 on such an inner layer of the dielectric substrate 3 that
is positioned more inward, by one layer, than the surface
conductor 5a, while being connected to the inner wall
conductor 5c. A dielectric part 17 that is ring shaped and
is made of a dielectric member without any conductor is
provided in the surrounding of each of the inside inner
layer conductive patterns 13a. An outside inner layer con-
ductive pattern 13b, which is ring shaped, is formed in
the surrounding of each of the dielectric parts 17. The
outside inner layer conductive patterns 13b that are
formed in the surroundings of the through holes 2, which
are positioned adjacent to one another, are positioned
apart from one another, while the dielectric member is
interposed therebetween.
[0026] Like in the first embodiment, each of the inside
inner layer conductive patterns 13a is formed while using
the central axis of the corresponding one of the through
holes 2 as the center thereof, such that the distance X1
is approximately one fourth (1/4) of the free-space wave-
length λ of the signal wave transmitted through the
through hole 2, where the distance X1 is the distance
between a middle point A’ and an intersection point B’.
The middle point A’ is a middle point of a long-side edge
(i.e., an E-plane edge) of the through hole 2, and the
intersection point B’ is a point at which a line extending
from the middle point A’ in the direction perpendicular to
the long-side edge intersects the edge of the circular-
shaped inside inner layer conductive pattern 13a. The

radius R1 of each of the inside inner layer conductive
patterns 13a is equal to the sum of the length X1 (=λ/4)
and the length d that is a half of the short side of the
through hole 2.
[0027] Each of the dielectric transmission paths 12
short-circuited at end is provided within the dielectric sub-
strate 3, so as to extend from the dielectric part 17 in the
layer-stacking direction of the dielectric substrate 3. More
specifically, the inner layer ground conductor 7 is provid-
ed at a position that is away from the surface of the die-
lectric substrate 3 opposing the waveguide substrate 4
by the distance Y1 (=λg/4). The inner layer ground con-
ductor 7 is connected to the inside inner layer conductive
patterns 13a and to the outside inner layer conductive
patterns 13b by the plurality of penetrating conductors 8
that each extend in the layer-stacking direction of the
substrate. It is desirable to configure a thickness Y2 of
the dielectric layer 16 that is formed by using a build-up
method or the like on the surface of the dielectric sub-
strate 3 opposing the waveguide substrate 4 so as to be
very small, and preferably, so much smaller than the dis-
tance Y1 that the thickness Y2 is negligible. As explained
here, each of the dielectric transmission paths 12 short-
circuited at end having a ring shape in a planar view is
provided within the dielectric substrate 3, the dielectric
transmission paths 12 short-circuited at end each being
a region of which the inner circumference and the outer
circumference are surrounded by the penetrating con-
ductors 8, whereas the tip end side thereof is enclosed
by the inner layer ground conductor 7, while being filled
with the dielectric member so that the transmitted elec-
tromagnetic waves do not leak therefrom.
[0028] According to the second embodiment, because
the dielectric transmission paths 12 short-circuited at end
and the inside inner layer conductive patterns 13a are
provided, short circuits are equivalently achieved in con-
nection parts between the inside inner layer conductive
patterns 13a and the inner wall conductors 5c provided
on the inner walls of the through holes 2. In addition, in
the case where the width of each of the surface conduc-
tors 5a is configured so as to be small, and further, the
thickness Y2 of the dielectric layer 16 is configured so
as to be very small by using a build-up method or the like
as explained above, for example, comparing with the dis-
tance Y1 that the thickness Y2 is negligible, short circuits
are equivalently achieved also in the connection parts
between the through holes 2 and the waveguide holes
9. With these arrangements, it is possible to inhibit the
signals from leaking at the connection parts between the
through holes 2 provided in the dielectric substrate 3 and
the waveguide holes 9 provided in the waveguide sub-
strate 4. As a result, it is possible to inhibit the signals
from leaking into adjacent waveguide connection struc-
ture parts and to enhance the isolation properties.
[0029] Furthermore, the surface conductors 5b, which
are provided according to the first embodiment, are not
provided according to the second embodiment. Thus,
when the dielectric substrate 3 and the waveguide sub-
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strate 4 are joined together, an advantageous effect is
achieved where it becomes easier for the surface con-
ductor 5a to come in contact, thus it is less likely that the
through holes 2 and the waveguide holes 9 have gaps
therebetween.
[0030] Choke structures that has an advantageous ef-
fect of confining electromagnetic waves therein like the
dielectric transmission paths 12 short-circuited at end are
originally designed so as to function when a gap has oc-
curred in the connection parts. Thus, by providing the
dielectric layer 16 like in the second embodiment, it is
possible to allow the choke structure provided in the di-
electric substrate 3 and the waveguide substrate 4 to
have a certain gap therebetween. Thus, another advan-
tageous effect is achieved where it is easier to achieve
the electromagnetic wave confining effect of the dielectric
transmission paths 12 short-circuited at end, stably.
[0031] In addition, according to the second embodi-
ment, because the dielectric layer 16 is provided, a pat-
tern wiring for signal wirings 14 and a penetrating con-
ductor for signal wirings 15 that are provided within the
dielectric substrate 3 are not connected up to the surface
of the dielectric substrate 3 that is in contact with the
waveguide substrate 4. As a result, yet another advan-
tageous effect is achieved where it is not necessary to
provide the surface of the dielectric substrate 3 that is in
contact with the waveguide substrate 4 with any special
electrically-insulating structure.
[0032] It is desirable if each of the surface conductors
5a according to the second embodiment is configured so
as to have a required minimum width to provide the inner
wall of the through hole with the inner wall conductor 5c;
however, even if each of the surface conductors 5a is
configured so as to extend from the inner wall conductor
5c to a position that is more inward than the end edge of
the inside inner layer conductive pattern 13a, it is possible
to make the isolation properties better than in the con-
ventional example.

Third Embodiment

[0033] Next, a third embodiment of the present inven-
tion will be explained with reference to Figs. 8 to 11. Fig.
8 is a cross-sectional view of a waveguide connection
structure according to the third embodiment. Fig. 9 is a
plan view of patterns formed on the surface of the die-
lectric substrate 3 opposing the waveguide substrate 4
according to the third embodiment. Fig. 10 is a drawing
(i.e., a cross-sectional view at the line C-C in Fig. 8) of
patterns of the conductor formed within the dielectric sub-
strate 3 on such a layer that is positioned more inward,
by one layer, than the lower surface layer of the dielectric
substrate 3, according to the third embodiment.
[0034] According to the third embodiment, like in the
second embodiment, the dielectric layer 16 that is formed
by using a build-up method or the like is provided on the
surface of the dielectric substrate 3 opposing the
waveguide substrate 4. In addition, the inside surface

conductive patterns 5a and the outside surface conduc-
tive patterns 5b, which are the same as those in the first
embodiment, are further formed on the surface of the
dielectric layer 16. It should be noted, however, that the
inside surface conductive patterns 5a are not connected
to the inside inner layer conductive patterns 13a by the
penetrating conductors 8 and that the outside surface
conductive patterns 5b are not connected to the outside
inner layer conductive patterns 13b by the penetrating
conductors 8, either.
[0035] As shown in Figs. 8 and 9, each of the inside
surface conductive patterns 5a, which is circular shaped,
is formed in the surrounding of the corresponding one of
the through holes 2 on the surface of the dielectric layer
16, while being connected to the inner wall conductor 5c.
Each of the ring-shaped conductor openings 6, in which
no conductor is provided so that the dielectric member
is exposed, is provided in the surrounding of the corre-
sponding one of the inside surface conductive patterns
5a. Further, each of the ring-shaped outside surface con-
ductive patterns 5b is formed in the surrounding of the
corresponding one of the conductor openings 6. The out-
side surface conductive patterns 5b that are formed in
the surroundings of the through holes 2, which are posi-
tioned adjacent to one another, are positioned apart from
one another, while the dielectric member is interposed
therebetween. Like in the first embodiment, each of the
inside surface conductive patterns 5a is formed while us-
ing the central axis of the corresponding one of the
through holes 2 as the center thereof, such that the dis-
tance X1 is approximately equal to λ/4, where the dis-
tance X1 is the distance between the middle point A and
the intersection point B. The middle point A is a middle
point of the long-side edge (i.e., the E-plane edge) of the
through hole 2, and the intersection point B is a point at
which a line extending from the middle point A in the
direction perpendicular to the long-side edge intersects
the edge of the circular-shaped inside surface conductive
pattern 5a. The radius R1 of each of the inside surface
conductive patterns 5a is equal to the sum of the length
X1 (=λ/4) and the length d that is a half of the short side
of the through hole 2.
[0036] As shown in Figs. 8 and 10, a choke structure
that is the same as the one explained in the second em-
bodiment is formed on an inner layer of the dielectric
substrate 3. More specifically, on such an inner layer of
the dielectric substrate 3 that is positioned more inward,
by one layer, than the inside surface conductive pattern
5a, each of the circular-shaped inside inner layer con-
ductive patterns 13a is formed in the surrounding of the
corresponding one of the through holes 2, while being
connected to the inner wall conductor 5c. Each of the
ring-shaped dielectric parts 17 that is made of the die-
lectric member with no conductor, is provided in the sur-
rounding of the corresponding one of the inside inner
layer conductive patterns 13a. Each of the ring-shaped
outside inner layer conductive patterns 13b is formed in
the surrounding of the corresponding one of the dielectric
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parts 17. The outside inner layer conductive patterns 13b
that are formed in the surroundings of the through holes
2, which are positioned adjacent to one another, are po-
sitioned apart from one another, while the dielectric mem-
ber is interposed therebetween. Like in the second em-
bodiment, each of the inside inner layer conductive pat-
terns 13a is formed while using the central axis of the
corresponding one of the through holes 2 as the center
thereof, such that the distance X1 is approximately equal
to λ/4, where the distance X1 is the distance between
the middle point A’ and the intersection point B’. The mid-
dle point A’ is a middle point of the long-side edge (i.e.,
the E-plane edge) of the through hole 2, and the inter-
section point B’ is a point at which a line extended from
the middle point A’ in the direction perpendicular to the
long-side edge intersects the edge of the circular-shaped
inside inner layer conductive pattern 13a. The radius R1
of each of the inside inner layer conductive patterns 13a
is equal to the sum of the length X1 (=λ/4) and the length
d that is a half of the short side of the through hole 2.
[0037] Each of the dielectric transmission paths 12
short-circuited at end is provided within the dielectric sub-
strate 3, so as to extend from the dielectric part 17 in the
layer-stacking direction of the dielectric substrate 3. More
specifically, the inner layer ground conductor 7 is provid-
ed at the position that is away from the surface of the
dielectric substrate 3 opposing the waveguide substrate
4 by the distance Y1 (=λg/4). The inner layer ground con-
ductor 7 is connected to the inside inner layer conductive
patterns 13a and to the outside inner layer conductive
patterns 13b by the plurality of penetrating conductors 8
that each extend in the layer-stacking direction of the
substrate. It is desirable to configure the thickness Y2 of
the dielectric layer 16 that is formed by using a build-up
method or the like on the surface of the dielectric sub-
strate 3 opposing the waveguide substrate 4 so as to be
very small, and preferably, so much smaller than the dis-
tance Y1 that the thickness Y2 is negligible. As explained
here, each of the dielectric transmission paths 12 short-
circuited at end is ring shaped in a planar view and is
provided within the dielectric substrate 3. Each of the
dielectric transmission paths 12 short-circuited at end is
a region of which the inner circumference and the outer
circumference are surrounded by the penetrating con-
ductors 8, whereas the tip end side thereof is enclosed
by the inner layer ground conductor 7, while being filled
with the dielectric member so that the transmitted elec-
tromagnetic waves do not leak therefrom.
[0038] Fig. 11 is a chart of a result of a simulation in-
dicating isolation properties between two waveguide
connection structures that are positioned adjacent to
each other, when adopting the choke structure according
to the third embodiment. In this situation, the thickness
Y2 of the dielectric layer 16 is configured to be 0.070
millimeters. The other dimensions are the same as those
in the first embodiment as shown in Fig. 4. As understood
from Figs. 4 and 11, isolations properties that are sub-
stantially the same as those according to the first em-

bodiment are achieved in the third embodiment as well.
Thus, by forming the dielectric layer 16 on the surface of
the dielectric substrate 3 opposing the waveguide sub-
strate 4 by using a build-up method or the like, it is pos-
sible to achieve the isolation properties that are substan-
tially the same as those in the first embodiment, even in
the case where the penetrating conductive patterns 8 are
not connecting the inside surface conductive patterns 5a
to the inside inner layer conductive patterns 13a and
where the penetrating conductors 8, are not connecting
the outside surface conductive patterns 5b to the outside
inner layer conductive patterns 13b. By using a structure
like this, it is not necessary to provide the penetrating
conductors 8, which are formed by applying a laser
processing or a plate processing to the dielectric sub-
strate 3, so as to connect the inside surface conductive
patterns 5a to the inside inner layer conductive patterns
13a and to further connect the outside surface conductive
patterns 5b to the outside inner layer conductive pattern
13b. Thus, another advantageous effect is achieved
where it is possible to easily structure the dielectric sub-
strate 3 at a lower cost.

Fourth Embodiment

[0039] Next, a fourth embodiment of the present inven-
tion will be explained with reference to Figs. 12 to 15.
Fig. 12 is a cross-sectional view of a waveguide connec-
tion structure according to the fourth embodiment. Fig.
13 is a plan view of patterns formed on the surface of the
dielectric substrate 3 opposing the waveguide substrate
4 according to the fourth embodiment. Fig. 14 is a drawing
(i.e., a cross-sectional view at the line C-C in Fig. 12) of
patterns of the conductor formed within the dielectric sub-
strate 3 on such a layer that is positioned more inward,
by one layer, than the lower surface layer of the dielectric
substrate 3, according to the fourth embodiment.
[0040] According to the third embodiment, the outside
surface conductive patterns 5b, each of which is formed
in the surrounding of the corresponding one of the inside
surface conductive patterns 5a while the conductor open-
ing 6 in which the dielectric member is exposed is inter-
posed therebetween, are separated from one another in
correspondence with each of the waveguide connection
structures. Also, the outside inner layer conductive pat-
terns 13b, each of which is formed in the surrounding of
the corresponding one of the inside inner layer conduc-
tive patterns 13a while the dielectric part 17 that is made
of the dielectric member without having any conductor is
interposed therebetween, are separated from one anoth-
er in correspondence with each of the waveguide con-
nection structures. In contrast, according to the fourth
embodiment, as shown in Figs. 13 and 14, the outside
surface conductive pattern 5b is formed as being joined
together for all the waveguide connection structures, and
also, the outside inner layer conductive pattern 13b is
formed as being joined together for all the waveguide
connection structures. In the example shown in Figs. 13
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and 14, the outside surface conductive pattern 5b and
the outside inner layer conductive pattern 13b are each
indicated as a ground pattern that spreads as a solid
pattern. The other configurations are the same as those
in the third embodiment. The duplicate explanation will
be omitted.
[0041] Fig. 15 is a chart of a result of a simulation in-
dicating isolation properties between two waveguide
connection structures that are positioned adjacent to
each other, when adopting the choke structure according
to the fourth embodiment. In this situation, the thickness
Y2 of the dielectric layer 16 is configured to be 0.070
millimeters. The other dimensions are the same as those
in the first embodiment shown in Fig. 4. As shown in Fig.
13, the surface of the dielectric substrate 3 in the sur-
roundings of the inside surface conductive patterns 5a
is covered by the outside surface conductive pattern 5b,
which spreads as the solid pattern. Also, as shown in Fig.
14, the circumferences of the inside inner layer conduc-
tive patterns 13a are surrounded by the outside inner
layer conductive pattern 13b, which spreads as the solid
pattern. As understood from a comparison of Figs. 4, 11,
and 15, the isolation properties according to the fourth
embodiment are slightly worse than those in the exam-
ples in the first and the third embodiments; however, the
isolation properties are better than those according to
the conventional technique shown in Fig. 3.
[0042] As described above, according to the second,
the third, and the fourth embodiments, the dielectric layer
16 is provided on the surface of the dielectric substrate
3 opposing the waveguide substrate 4, and the surface
conductor having the various types of patterns is provid-
ed on the surface side of the dielectric layer 16. As shown
in Fig. 13, by configuring the surface conductor so as to
spread outward from the inner wall conductors 5c on the
surface of the dielectric layer 16, in such a manner that
the surface conductor does not cover the dielectric parts
17 (see Figs. 7 and 10) provided between the inside inner
layer conductive patterns 13a and the outside inner layer
conductive patterns 13b, it is possible to make the isola-
tion properties better than those according to the con-
ventional technique.
[0043] In the third and the fourth embodiments de-
scribed above, the surface conductors 5a and 5b as well
as the inner layer conductors 13a and 13b are not con-
nected to one another by the penetrating conductors 8;
however, another arrangement is acceptable in which
they are connected to one another by the penetrating
conductors 8. Further, when a third inner layer conductor
is provided between the inner layer conductors 13a and
13b and the inner layer conductor 7, and when the dis-
tance between the inner layer conductor 7 and the third
inner layer conductor or the distance between the inner
layer conductors 13a and 13b and the third inner layer
conductor is configured to be shorter than λg/4, and pref-
erably, to be equal to or shorter than λg/8, the effect of
shielding the transmitted electromagnetic waves will be
large enough. Thus, yet another arrangement is accept-

able in which the penetrating conductors 8 that connect
the inner layer conductors 13a and 13b to the inner layer
conductor 7 are omitted.
[0044] In the first through the fourth embodiments de-
scribed above, the choke structure is applied to both of
the two waveguide connection structures. However,
there is no restriction as to how many choke structures
should be provided. Thus, as long as the isolation prop-
erties are at a satisfying level, it is acceptable to apply
the choke structure according to any of the first through
the fourth embodiments to only a part of the waveguide
connection structures, instead of applying the choke
structure to all the waveguide connection structures.

INDUSTRIAL APPLICABILITY

[0045] As explained above, the waveguide connection
structure according to an aspect of the present invention
is useful as a connection structure between a dielectric
substrate and a waveguide substrate, the dielectric sub-
strate having through holes of which the inner walls have
conductors provided thereon so that electromagnetic
waves can be transmitted through the through holes, and
the waveguide substrate having waveguide holes and
being made of metal or having one or more surfaces
thereof coated by metal.

Claims

1. A waveguide connection structure that includes a
dielectric substrate (3) having a through hole (2) of
which an inner wall has a conductor provided thereon
so that an electromagnetic wave is transmitted
through the through hole (2); and a waveguide sub-
strate (4) that has a waveguide hole (9) and is made
of metal or of which a surface is coated by metal,
wherein the waveguide connection structure has a
choke structure including an inside surface conduc-
tive pattern (5a) that is formed in a surrounding of
the through hole (2) on a surface of the dielectric
substrate (3) opposing the waveguide substrate (4);
an outside surface conductive pattern (5b) that is
formed in a surrounding of the inside surface con-
ductive pattern (5a) while being positioned apart
from the inside surface conductive pattern (5a);
a conductor opening (6) that is provided between the
inside surface conductive pattern (5a) and the out-
side surface conductive pattern (5b) and in which a
dielectric member is exposed; and a dielectric trans-
mission path (12) short-circuited at end that is formed
by an inner layer conductor (7) and a plurality of pen-
etrating conductors (8), the inner layer conductor (7)
being provided in a position that is away from the
conductor opening (6) by a predetermined distance
in a layer-stacking direction of the dielectric substrate
(3), and the plurality of penetrating conductors (8)
connecting the inner layer conductor to the inside
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surface conductive pattern (5a) and to the outside
surface conductive pattern (5b).

2. The waveguide connection structure according to
claim 1, wherein
the through hole (2) and the waveguide hole (9) are
both rectangular-shaped or cocoon-shaped, the in-
side surface conductive pattern (5a) is circular
shaped that is centered on a central axis of the
through hole (2) and that passes through a point po-
sitioned away from a middle point of an E-plane edge
of the through hole (2) by approximately λ/4 (where
λ denotes a free-space wavelength of a signal wave),
and the conductor opening (6) is ring shaped that is
formed in a surrounding of the inside surface con-
ductive pattern (5a) which is circular shaped.

3. The waveguide connection structure according to
claim 1 or 2, wherein a distance from the surface of
the dielectric substrate (3) opposing the waveguide
substrate (4) to the inner layer conductor (7) is ap-
proximately equal to one fourth of an in-substrate
effective wavelength of the signal wave.

4. A waveguide connection structure that includes a
dielectric substrate (3) having a through hole (2) of
which an inner wall has a conductor provided thereon
so that an electromagnetic wave is transmitted
through the through hole (2); and a waveguide sub-
strate (4) that has a waveguide hole (9) and is made
of metal or of which a surface is coated by metal,
wherein the waveguide connection structure has a
choke structure including an inside inner layer con-
ductive pattern (13a) that is formed in a surrounding
of the through hole (2) on an inner layer of the die-
lectric substrate (3); an outside inner layer conduc-
tive pattern (13b) that is formed in a surrounding of
the inside inner layer conductive pattern (13a) on the
inner layer of the dielectric substrate (3) while being
positioned apart from the inside inner layer conduc-
tive pattern (13a); a dielectric part (17) that is posi-
tioned between the inside inner layer conductive pat-
tern (13a) and the outside inner layer conductive pat-
tern (13b); a dielectric transmission path (12) short-
circuited at end that is formed by an inner layer con-
ductor (7) and a plurality of penetrating conductors
(8), the inner layer conductor (7) being provided in
a position that is apart from the dielectric part (17)
by a predetermined distance in a layer-stacking di-
rection of the dielectric substrate (3), and the plurality
of penetrating conductors (8) connecting the inner
layer conductor (7) to the inside inner layer conduc-
tive pattern (13a) and to the outside inner layer con-
ductive pattern (13b); a surface dielectric layer (16)
that is provided on the inside inner layer conductive
pattern (13a) and the outside inner layer conductive
pattern (13b) so as to oppose the waveguide sub-
strate (4); and a surface conductor (5a; 5a, 5b, 6)

that is provided in a surrounding of the through hole
(2) on the surface dielectric layer (16), which is a
surface of the dielectric substrate (3) opposing the
waveguide substrate (4), while extending outward
from the conductor provided on the inner wall of the
through hole (2) such that the dielectric part (17) is
not covered thereby.

5. The waveguide connection structure according to
claim 4, wherein the surface conductor (5a) extends
from the conductor provided on the inner wall of the
through hole (2) up to a position that is more inward
than an edge position of the inside inner layer con-
ductive pattern (13a), and the surface conductor (5a)
has a required minimum width to provide the inner
wall of the through hole (2) with the conductor.

6. The waveguide connection structure according to
claim 5, wherein the through hole (2) and the
waveguide hole (9) are both rectangular-shaped or
cocoon-shaped, the inside inner layer conductive
pattern (13a) is circular shaped that is centered on
a central axis of the through hole (2) and that passes
through a point positioned away from a middle point
of an E-plane edge of the through hole by approxi-
mately λ/4 (where λ denotes a free-space wave-
length of a signal wave), and the dielectric part (17)
is ring shaped that is formed in a surrounding of the
inside inner layer conductive pattern (13a) which is
circular shaped.

7. The waveguide connection structure according to
claim 4, wherein the surface conductor (5a, 5b, 6)
includes: an inside surface conductive pattern (5a)
that is formed in the surrounding of the through hole
(2) on the surface dielectric layer (16), which is the
surface of the dielectric substrate (3) opposing the
waveguide substrate (4);
an outside surface conductive pattern (5b) that is
formed in a surrounding of the inside surface con-
ductive pattern (5b) while being positioned apart
from the inside surface conductive pattern (5a); and
a conductor opening (6) that is provided between the
inside surface conductive pattern (5a) and the out-
side surface conductive pattern (5b) and in which
the dielectric member is exposed.

8. The waveguide connection structure according to
claim 7, wherein the through hole (2) and the
waveguide hole (9) are both rectangular-shaped or
cocoon-shaped, the inside inner layer conductive
pattern (13a) is circular shaped that is centered on
a central axis of the through hole (2) and that passes
through a point positioned away from a middle point
of an E-plane edge of the through hole (2) by ap-
proximately λ/4 (where λ denotes a free-space
wavelength of a signal wave), the dielectric part (17)
is ring shaped that is formed in a surrounding of the
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inside inner layer conductive pattern (13a) which is
circular shaped, the inside surface conductive pat-
tern (5a) is circular shaped that is centered on the
central axis of the through hole (2) and that passes
through a point positioned away from the middle
point of the E-plane edge of the through hole (2) by
approximately λ/4 (where λ denotes the free-space
wavelength of the signal wave), and the conductor
opening (6) is ring shaped that is formed in a sur-
rounding of the inside surface conductive pattern
(5a) which is circular shaped.

9. The waveguide connection structure according to
any one of claims 4 to 8, wherein a distance from
the surface of the dielectric substrate (3) opposing
the waveguide substrate (4) to the inner layer con-
ductor (7) is approximately equal to one fourth of an
in-substrate effective wavelength of the signal wave.
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